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To investigate whether Hurricane Katrina’s landfall in August
2005 resulted in excess mortality, we conducted
a cohort study of patients who started dialysis between
January 2003 and late August 2005 and who received
treatment at 94 Katrina-affected clinics in the area. Survival,
regardless of patient location after the storm, was followed
through February 2006. In adjusted Cox proportional hazards
models, Hurricane Katrina (time-varying indicator) was not
significantly associated with mortality risk for patients from
regions of the Gulf Coast affected by Katrina or those from
a subset of 40 New Orleans clinics. Subgroup analyses
indicated no significant increased mortality risk by race,
income status, or dialysis modality. Sensitivity analyses
indicated no significant increased mortality risk for patients
from clinics closed for 10 days or longer, patients in their
first 90 days of dialysis, or patients not evacuated from
the affected areas. Patients remaining in the New Orleans
area may have been more vulnerable due to age and
comorbidities; however, the change in their mortality risk
in the month following the storm was not statistically
significant. We suggest that disaster-related education for
patients must be ongoing, and that each disaster may
present a different set of circumstances and challenges that
will require unanticipated response efforts.
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Disaster planning for health services has gained worldwide
salience in the wake of recent natural and manmade disasters
and the continuing threat of epidemics and terrorist
activities. Any large-scale disaster is likely to interrupt the
regular dialysis treatments that are needed by patients with
kidney failure. The international renal community has
become increasingly aware of the disaster-related challenges
that are involved for patients with kidney failure as well as
for patients who may incur acute kidney injury.1,2 The
benefits of the advance planning promoted by the Renal
Disaster Relief Task Force established by the International
Society of Nephrology were recognized in the 1999 Marmara,
Turkey, earthquake and the 2005 Kashmir earthquake.3,4 In
the United States, the salience of disaster planning for dialysis
patients was significantly increased by the experience of
Hurricane Katrina in 2005.5 Evidence of patients’ increased
risk for missed treatments and hospitalization and for
psychosocial problems after Hurricane Katrina has identified
issues that need continued attention.6–8 The question of
whether Hurricane Katrina was also associated with ‘excess’
mortality among dialysis patients remains unclear.5
Hurricane Katrina’s landfall on 29 August 2005 forced
the evacuation of over one million people from the US Gulf
Coast,9 and extensive flooding multiplied storm damage in
the New Orleans metropolitan area. More than 1800 deaths
related to Hurricane Katrina had been reported as of July
2006,9 but the full extent of mortality that was associated
with Hurricane Katrina in the general population will
probably remain unknown. Estimating excess mortality is
difficult in a destabilized population, but the United States
Renal Data System (USRDS) tracks patients’ treatment
location and outcomes, facilitating an in-depth observation
of survival of dialysis-dependent kidney failure patients
regardless of their location after Hurricane Katrina. Using
updated USRDS Standard Analysis Files (SAFs) released
in 2008, we investigated mortality among dialysis patients
who were affiliated with clinics in the US Gulf Coast Katrina-
affected area and in the New Orleans metropolitan area
specifically, using multiple analytic approaches.
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RESULTS
Of the 94 dialysis clinics that the US federal Centers for
Medicare and Medicaid Services (CMS) reported to have
been affected by Hurricane Katrina, local End Stage Renal
Disease (ESRD) Network officials specified that 55 clinics
were located in Louisiana, 30 clinics were located in
Mississippi, and 9 clinics were located in Alabama. More
than two-thirds of the 55 Louisiana clinics were reported
to have closed for X10 days after the storm (Table 1).
Among the 40 Louisiana clinics located in the New Orleans
metropolitan area, 35 (87.5%) clinics were reported to have
been closed for X10 days.
Table 2 shows crude mortality rates calculated over
6 months for (a) the population of 5865 patients who
were receiving dialysis as of 31 August 2005 in the broad
Katrina-affected area and in the New Orleans area specifically
(n¼ 2212); and (b) the population of 5601 patients who
were receiving dialysis in the same broad geographic area
and in the New Orleans area specifically (n¼ 2131) as
of 31 August 2004, 1 year earlier. Crude mortality rates for
these two populations, with deaths counted wherever patients
were located after the storm, were generally similar for the
6 months after Hurricane Katrina and the same 6-month
period 1 year earlier.
Cox proportional hazards analysis was used to investigate
survival from the start of treatment for 5031 patients who
began dialysis between 1 January 2003 and 29 August 2005
and who received treatment in Katrina-affected dialysis
clinics before the storm. Table 3 shows demographic and
clinical characteristics of these patients. The average patient
age at the start of treatment was 61 years, and the cohort
was almost equally divided between men and women.
Fewer than half of patients in the cohort were white.
Over one-fourth of the cohort had Medicaid coverage, an
indicator of lower income status. On average, one docu-
mented cardiovascular condition was present at the start of
treatment. At initiation of dialysis, the average hemoglobin
was 9.9 g per 100ml and the average serum albumin was
3.2 g per 100ml. Almost half of the cohort had developed
kidney failure as a result of diabetes. Over 90% of patients
used hemodialysis (HD) as their initial treatment modality;
the remainder started on peritoneal dialysis (PD). The
characteristics of the 2238 patient subset who received
dialysis treatment in the New Orleans clinics before
Hurricane Katrina matched the characteristics of all patients
Table 1 | Katrina-affected dialysis clinics, by state
Number of
clinics reported as
Katrina-affected clinics
Number of clinics (%) reported
closed for 10 days or longer
within the Katrina-affected
geographic area
Louisiana 55a 37 (67%)
Mississippi 30 7 (23%)
Alabama 9 1 (11%)
Total 94 45 (48%)
aForty of these clinics were located in the New Orleans metropolitan area.
Table 2 | Crude monthly mortality rates for ‘frozen’ patient populations undergoing dialysis in the study areas as of 31 August
2005 and 31 August 2004
Total Katrina-affected area, 2005–2006a New Orleans metropolitan area separately, 2005–2006b
Patient-yearsc Patient deaths Mortality rated Patient-yearsc Patient deaths Mortality rated
2005
September 475 125 26.3 179 46 25.7
October 481 116 24.1 181 40 22.1
November 456 94 20.6 172 37 21.5
December 462 99 21.4 174 41 23.6
2006
January 451 122 27.1 170 54 31.8
February 399 93 23.3 150 41 27.3
Total Katrina-affected area, 2004–2005e New Orleans metropolitan area separately, 2004–2005f
2004
September 455 115 25.3 173 40 23.1
October 460 84 18.3 175 37 21.1
November 436 104 23.9 165 48 29.1
December 432 103 23.8 159 46 28.9
2005
January 421 106 25.2 155 43 27.7
February 371 90 24.8 135 34 25.2
a5865 patients undergoing dialysis as of 31 August 2005.
b2212 patients undergoing dialysis as of 31 August 2005.
cVarying number of days in the month influences patient-years.
d Mortality rate is per 100 patient-years.
e5601 patients undergoing dialysis as of 31 August 2004.
f2131 patients undergoing dialysis as of 31 August 2004.
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in the larger Katrina-affected area (n¼ 5031) quite closely.
Compared with the overall population of patients who
started dialysis during the same time period in the United
States (data not shown), patients in the Katrina-affected
clinics were less likely to be white (42% white vs 65% white
in the overall US dialysis population) and were younger
by 2 years on average at the start of dialysis, reflecting black
patients’ younger average age at dialysis initiation.10 No other
differences were evident between the Katrina-affected study
populations and the overall population of patients starting
dialysis in the United States.
Multivariable Cox proportional hazards analyses (Table 4)
indicated that Hurricane Katrina was not associated with an
increased risk for all-cause mortality among all 5031 patients
who received dialysis in the broad Katrina-affected area
before the hurricane (hazard ratio (HR): 0.98; 95%
confidence interval (95% CI): 0.86–1.11; P¼ 0.75) or among
the subset of 2238 patients who received dialysis treatment in
the New Orleans area before the hurricane (HR: 0.90; 95%
CI: 0.74–1.09; P¼ 0.28). Significant predictors of increased
mortality risk included older patient age, male gender, white
race, lower income status, number of cardiovascular condi-
tions, non-ambulatory status, and HD as initial dialysis
modality.
Additional Cox proportional hazards models restricted to
patients for whom serum albumin and hemoglobin values
were available in addition to all other covariates (n¼ 3018
Katrina-area patients and n¼ 1447 New Orleans area
patients) gave similar results (data not shown). In these
models, Hurricane Katrina was not a significant predictor
of mortality risk among Katrina-area patients (HR: 0.98;
95% CI: 0.83–1.15; P¼ 0.80) or among the New Orleans
patient subset (HR: 1.06; 95% CI: 0.84–1.34; P¼ 0.61). Serum
albumin was a significant predictor of mortality risk in
both models. Lower hemoglobin was a borderline signi-
ficant predictor of increased mortality risk in the model
that included patients who received dialysis in the broad
Katrina-affected area before the storm.
For the Katrina-area study population (n¼ 5031), HRs for
Katrina-related mortality risk in the first 30 days, 31–60 days,
and 61–183 days after the storm were 1.06 (95% CI:
0.83–1.35; P¼ 0.65), 0.96 (95% CI: 0.74–1.25; P¼ 0.77),
and 0.96 (95% CI: 0.82–1.12; P¼ 0.60), respectively. For the
New Orleans metropolitan area patient subset (n¼ 2238),
HRs for Katrina-related mortality risk in the first 30 days,
31–60 days after, and 61–180 days after the storm were 1.10
(95% CI: 0.78–1.56; P¼ 0.59), 0.64 (95% CI: 0.40–1.03;
P¼ 0.07), and 0.91 (95% CI: 0.72–1.14; P¼ 0.41).
We conducted several subgroup analyses for the Katrina-
area study population to examine the effect of Hurricane
Katrina on mortality risk in subgroups with selected
patient characteristics. We observed no significant effects of
Table 3 | Demographic and clinical characteristics of dialysis
patients included in Cox proportional hazards models
Characteristic
Total Katrina
area dialysis
patients (n¼ 5031)
New Orleans area
dialysis patient
subset (n¼ 2238)
Age at treatment start
(years; mean (s.d.))
61.2 (16.1) 61.8 (16.1)
Male (%) 51 53
White race (%) 42 43
Medicaid coverage (%) 30 26
Number of cardiovascular
conditionsa (mean (s.d.))
1.0 (1.2) 1.0 (1.2)
Hemoglobin (g per 100ml;
mean (s.d.))b
9.9 (1.8) 9.9 (1.8)
Serum albumin (g per 100ml;
mean (s.d.))c
3.2 (0.7) 3.2 (0.8)
Diabetic ESRD (%) 48 46
COPD (%) 7 7
Non-ambulatory (%) 6 5
Started on HD (%) 93 95
COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease;
HD, hemodialysis.
aCardiovascular conditions include congestive heart failure, coronary artery disease,
myocardial infarction, cardiac arrest, dysrhythmia, cerebral vascular disease, and/or
peripheral vascular disease.
bData available for 4211 Katrina area patients and for 2077 New Orleans area
patients.
cData available for 3217 Katrina area patients and for 1490 New Orleans area
patients.
Table 4 |Multivariable Cox proportional hazards models predicting dialysis patient mortality risk
Total Katrina-area patients (n¼ 5031) New Orleans area patient subset (n¼ 2238)
Risk factor
All-cause mortality hazard
ratio (95% CI) P-value
All-cause mortality hazard
ratio (95% CI) P-value
Age at treatment start (years) 1.03 (1.03, 1.04) o0.0001 1.03 (1.03, 1.04) o0.0001
Male gender 1.20 (1.09, 1.32) 0.0003 1.09 (0.95, 1.25) 0.24
White race 1.31 (1.18, 1.45) o0.0001 1.25 (1.08, 1.45) 0.003
Medicaid coverage 1.49 (1.34, 1.66) o0.0001 1.77 (1.51, 2.07) o0.0001
Number of cardiovascular conditionsa 1.11 (1.07, 1.16) o0.0001 1.04 (0.98, 1.10) 0.17
Diabetic ESRD 0.93 (0.84, 1.02) 0.13 0.94 (0.82, 1.08) 0.39
COPD 1.10 (0.93, 1.29) 0.26 1.09 (0.85, 1.40) 0.51
Non-ambulatory 1.90 (1.62, 2.24) o0.0001 1.88 (1.48, 2.38) o0.0001
HD 1.96 (1.50, 2.56) o0.0001 2.08 (1.35, 3.22) 0.0009
Katrinab 0.98 (0.86, 1.11) 0.75 0.90 (0.74, 1.09) 0.28
CI, confidence interval; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; HD, hemodialysis.
aCardiovascular conditions include congestive heart failure, coronary artery disease, myocardial infarction, cardiac arrest, dysrhythmia, cerebral vascular disease, and/or
peripheral vascular disease.
bTime-varying indicator.
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Hurricane Katrina among black patients or lower income
(Medicaid coverage) patients. This was also true with regard
to dialysis modality; the Katrina-related HR among HD
patients was 0.98 (95% CI: 0.86–1.12; P¼ 0.78), and the
Katrina-related HR among PD patients was 0.94 (95% CI:
0.49–1.83; P¼ 0.86).
In our first sensitivity analysis, when the study population
was restricted to 2551 patients affiliated with the 45 clinics
that were reported closed forX10 days, the HR for mortality
risk associated with Hurricane Katrina was 0.98 (95% CI:
0.83–1.17; P¼ 0.86). A second sensitivity analysis that
included 4646 patients indicated that the mortality risk
associated with Hurricane Katrina was not increased during
patients’ first 90 days on dialysis (HR: 1.01; 95% CI:
0.63–1.63; P¼ 0.97).
Finally, a sensitivity analysis to restrict the Katrina effect
only to the period when patients remained in the broad
Katrina-affected area (but not after they transferred to a
clinic outside this area) yielded a HR of 0.99 (95% CI:
0.86–1.14; P¼ 0.88) for the Katrina indicator. For the subset
of patients who remained in the New Orleans metropolitan
area, this HR was 1.03 (95% CI: 0.82–1.30; P¼ 0.81).
Restricting the follow-up period to the first 30 days after
Hurricane Katrina, this HR for the patient subset remaining
in New Orleans was 1.15 (95% CI: 0.78–1.68; P¼ 0.49).
DISCUSSION
Determining whether dialysis patients incurred ‘excess’
mortality in association with Hurricane Katrina is challen-
ging. Mortality rates are subject to seasonal variation. In
addition, comparison of rates across time is not meaningful
when there is a marked change in the structure of the
population. In Katrina-affected clinics, there was a dramatic
decrease in patient-years at risk in the month after Hurricane
Katrina, reflecting the exodus of a large number of patients
from the area. For example, the number of patient-years at
risk, the denominator in the crude mortality rate, declined
from 185 in August 2005 to 85 in September 2005 for clinics
in the New Orleans metropolitan area. A large number of
patients displaced from Katrina-area clinics went to dialysis
clinics in Baton Rouge, Louisiana; Houston, Texas; and
Atlanta, Georgia.
As a simple comparison of monthly mortality rates was
not meaningful due to the markedly reduced size of the
dialysis population remaining in the area after the storm, we
calculated crude mortality rates for a ‘frozen’ population of
patients (i.e., all patients treated in Katrina-affected clinics as
of 31 August 2005), counting patient deaths wherever they
occurred, and compared these rates with those calculated
similarly for a frozen population 1 year earlier. We found that
post-storm patient-level crude mortality was generally similar
to rates observed for the patient population present in the
study areas at the same time period in the preceding year
(Table 2). Consistent with this observation, adjusted Cox
proportional hazards models did not show significantly
higher mortality risk associated with Hurricane Katrina.
We examined characteristics of the reduced dialysis popu-
lation that remained in the subset of New Orleans metro-
politan area clinics through the month of September 2005,
compared with characteristics of patients who transferred
out of the area between 22 August 2005 (1 week before the
storm) and 30 September 2005. Those who remained were
older at the start of treatment (mean age: 58.7 vs 53.4 years;
Po0.0001), were more likely to have diabetes as the primary
cause of their renal failure (48 vs 40%; P¼ 0.0009), and
began dialysis with a larger number of cardiovascular
comorbid conditions (P¼ 0.0004). Patients who remained
in the New Orleans area may have been more vulnerable due
to older age and medical comorbidities; nonetheless, as
reported above, their Katrina-related mortality risk in the
month after the storm was not statistically significant (HR:
1.15; 95% CI: 0.78–1.68).
It is important to consider potential limitations of our
study. For the primary analysis, we did not have information
about parameters such as dialysis adequacy that may have
influenced patient mortality. The interpretation of the
proportional hazards assumption is not straightforward
when time-varying indicators are included in the Cox model.
We do, however, report HRs for three time intervals after
Hurricane Katrina (the first month, the second month, and
an additional 3 months), none of which were statistically
significant.
The CMS designation of ‘Katrina-affected’ clinics, which
we used in this study, served to define a population at risk.
The extent of individual clinic disruption ranged from power
outages to severe structural damage and even permanent
closing. The information we received from the ESRD
Network offices indicated that almost half of the 94 clinics
(n¼ 45) were closed for X10 days, and we examined
patients’ mortality risk in a sensitivity analysis that included
these 45 clinics. Although the ESRD Networks supplied
information about the approximate time that clinics
remained closed, they stressed that their focus had been
on patient tracking and care management rather than on
detailed record-keeping about clinic status. Regardless of
the specific experience of each of the 94 Katrina-affected
clinics, dialysis patients in the geographic area served by
these clinics were at risk when Hurricane Katrina impacted
the area. Mortality surveillance by the Centers for Disease
Control includes not only deaths directly related to the
physical force of a hurricane but also indirectly related deaths
precipitated by unsafe or unhealthy conditions during the
evacuation phase, the hurricane itself, and the post
hurricane/cleanup phase.11
The USRDS database is continuously updated, and it is
unlikely that ascertainment of dialysis patients’ deaths after
Hurricane Katrina remains incomplete. At the same time, the
database contains little cause of death information for
patients who died from 30 August 2005 to 30 September
2005, following the storm making landfall on 29 August 2005.
Cause of death information is available for only 9 of the 49
patients affiliated with New Orleans clinics who had death
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dates from 30 August 2005 through 29 September 2005,
whereas cause of death information is available for 45 of the
52 patients affiliated with New Orleans clinics who had death
dates during the same number of days 2 months earlier
(29 June 2005 through 29 July 2005). Medical record-keeping
and reporting were disrupted in the time period immediately
after Hurricane Katrina, and the value of electronic medical
records has been emphasized in subsequent discussions of
needed health system changes.12
Apart from the question of whether Hurricane Katrina was
associated with excess mortality among dialysis patients,
other serious outcomes must be acknowledged. As reported
in a previous study, we conducted telephone interviews
during April to October 2006 with 391 survivors who
had been receiving HD at nine New Orleans clinics before
Hurricane Katrina. The patients we interviewed more often
reported symptoms of post-traumatic stress disorder
(23.8%),7 compared with dialysis patients generally (17%).13
Among the 391 Hurricane Katrina survivors in our
previous study who reported having missed more than two
HD treatments (16.6% of those interviewed), there was a
significantly increased risk of subsequent hospitalization.6 It
has been suggested that greater use of PD therapy by patients
in disaster-prone areas could decrease the likelihood of
treatment interruptions.14 It should be noted, however, that
maintaining and transporting adequate PD supplies, and
maintaining sterile conditions for PD exchanges, could be
very difficult in an environment such as the one created by
Hurricane Katrina.
The acute and chronic effects of Hurricane Katrina posed
a severe test for delivery of care by the renal community, as
has been extensively documented.5,15–17 Communication
maintenance and optimal functioning of the dialysis infra-
structure during a disaster are complicated challenges.16,17
CMS and ESRD Network representatives established daily
conference calls to identify solutions to multiple problems
affecting provision of services to patients, including finding
transportation and housing for patients and staff, and
assisting clinics to restore power and safe water supplies.
Dialysis units extended their hours and added additional
shifts to provide routine dialysis to patients displaced from
their home clinics, and renal professionals orchestrated care
for dialysis patients living in shelters. New clinics were able to
open after emergency certification by CMS. All of this activity
requires intense effort on the part of care providers. As Sever
et al.18 observed with respect to provision of chronic HD
treatments to patients after the Marmara earthquake, pre-
disaster plans should include detailed consideration of how
to maximize efficiency of available staff, who are likely to be
asked to cope with a larger number of patients as compared
with the pre-disaster period.
Existing disaster plans and ongoing problem-solving
communication may have helped dialysis patients survive
Hurricane Katrina and its aftermath. If possible, patients were
dialyzed before evacuation became necessary. Patients who
did not undergo dialysis for more than 3 days were advised to
limit fluids and salty foods and to adhere to emergency diet
recommendations.17 Sever et al.18 concluded that chronic
HD patients’ adherence to a strict fluid restriction and
emergency diet policy likely contributed to the low mortality
that they observed among these patients after the Marmara
earthquake.
The majority of patients in the Katrina-affected area
received dialysis from five dialysis corporations, which
maintain electronic patient medical records. Each of these
organizations had emergency procedures in place to assist
patients to obtain dialysis services and transportation,
dialysis supplies, and medications. Regardless of their
geographic location after the storm, patients were advised
to contact these organizations so that information from their
medical record could be easily accessed. Under the emergency
situation created by Hurricane Katrina, patient clinical
information could be shared among providers in order to
assist in the disaster relief effort, without violating federal
privacy requirements. Dialysis corporations and independent
dialysis facilities that treated transient patients provided
notification of this care to the relevant ESRD Network office.
ESRD Networks in turn shared this information with the
American Red Cross in order to assist family members to
reestablish communication.17
Previous experience with hurricanes in Florida helped
the dialysis community establish patient preparedness for
Hurricane Katrina. However, chaotic civic conditions that
followed the massive flooding in the New Orleans metro-
politan area after Hurricane Katrina interfered with dissemi-
nation of crucial information to local authorities. For
example, early public service announcements advised
individuals to drink plenty of fluids but failed to advise
limiting fluid intake among dialysis and heart failure patients.
These experiences contributed to an accelerated learning
curve with respect to disaster preparedness after the
occurrence of Hurricane Katrina in 2005.19 Some of the
important lessons learned culminated in CMS modifications
to the Conditions for Coverage for End-Stage Renal Disease
Facilities.20 In addition, the Kidney Community Emergency
Response (KCER) Coalition was created in early 2006,
with the goal of developing a shared plan for national
strategic responses in the event of a disaster and creating
priority action areas that include plans for disseminating best
practices and strategies at the state and local level.15
Dialysis patients are entitled to care under the ESRD
Program of Medicare, which can be used when individuals
are displaced and cross state lines, and access to health care is
a basic tenet of preparedness for public health emergencies.21
At the same time, the experience of Hurricane Katrina high-
lighted the need for continued efforts to improve response to
future disasters in the renal community.5,14–16 Disaster-
related education for patients must be ongoing; one-third
of the 391 patient survivors interviewed in our prior study
reported that they were not aware of their clinic’s evacuation
plan.6 It is also important to remember that each disaster
may present a different set of circumstances and challenges
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that will require unanticipated response efforts.19 Estimation
of mortality risk with appropriate epidemiological methods
as discussed in this paper, as well as monitoring morbidity
outcomes, is an essential research task for evaluating the
adequacy of disaster responses within the dialysis care
delivery system and for developing best practices to improve
these responses.
MATERIALS AND METHODS
Data sources
CMS reported that 94 dialysis clinics located in the Gulf Coast
area, in the states of Louisiana, Mississippi, and Alabama, were
‘affected by Hurricane Katrina,’ that is, services were disrupted.5,15
The investigators (A.H.A. and N.G.K.) contacted the offices of
ESRD Network 13 (which includes Louisiana) and ESRD
Network 8 (which includes Mississippi and Alabama) to identify
the actual clinics in each state that were affected. We determined
that 40 of the 94 affected clinics were located in the census-defined
New Orleans metropolitan area (i.e., Jefferson, Orleans, St Bernard,
St Charles, St John the Baptist, and St Tammany parishes). The
ESRD Networks provided information about the approximate
length of time that each of the 94 affected clinics were closed
(Table 1).
Using the USRDS SAFs, we identified 5865 patients who received
treatment in one of the 94 Katrina-affected clinics (n¼ 2212 in the
40 New Orleans area clinics specifically) as of 31 August 2005
(immediately after Hurricane Katrina). We also identified 5601
patients who received treatment in one of the 94 Katrina-affected
clinics, or the 40 New Orleans area clinics specifically (n¼ 2131), as
of 31 August 2004 (1 year before Hurricane Katrina).
To assemble a patient cohort for a survival analysis who had been
treated during a similar time frame and had similar clinic experience
but may or may not have actually ‘experienced’ Hurricane Katrina,
we used the USRDS Patient SAF and Treatment History SAF to
identify patients who initiated regular dialysis from 1 January 2003
to 29 August 2005 and were ever treated in one of the 94 Katrina-
affected clinics (n¼ 5034) or the 40 New Orleans area clinics
specifically (n¼ 2240) before the storm. The study populations
defined for the survival analysis included patients who initiated
dialysis outside the study areas from 1 January 2003 to 29 August
2005 and subsequently moved into the study areas before the storm;
these patients represented 10% of the Katrina-affected study
population and 9.6% of the New Orleans subset, and had
demographic and clinical characteristics that were similar to the
rest of the study population.
Patient age, gender, and race were obtained from the 2007
Patient SAF, along with Medicaid coverage (yes/no) at ESRD at the
starting of treatment as an indicator of lower income status. Clinical
characteristics that were documented at the start of treatment on
CMS Form 2728 and the Medical Evidence Form (primary diagnosis
of diabetes, the number of cardiovascular conditions (congestive
heart failure, coronary artery disease, history of acute myocardial
infarction, cardiac arrest, dysrthythmia, cerebral vascular disease,
and peripheral vascular disease), chronic obstructive pulmonary
disease, non-ambulatory status, hemoglobin, and serum albumin))
were also obtained from the Patient SAF. Initial dialysis treatment
modality (HD/PD) was also obtained from the Medical Evidence
Form data recorded in the Patient SAF. Patient mortality events were
identified in USRDS Patient files that contained death dates through
28 February 2006.
Data analyses
To provide a descriptive overview of mortality, we determined crude
monthly mortality rates for patients who were receiving dialysis in
the areas under study as of 31 August 2005, following these patients
through 28 February 2006. For comparison, we also determined
crude mortality rates for patients who were receiving dialysis in the
areas under study as of 31 August 2004, and followed these patients
through 28 February 2005. Patient-years of dialysis treatment and
deaths were followed for these ‘frozen’ patient populations regardless
of where the patient received dialysis in the respective 6-month
follow-up periods. Patients who received a kidney transplant or had
return of renal function were not counted after these events.
To further investigate the potential impact of Hurricane Katrina
on dialysis patients’ mortality, in a Cox proportional hazards
analysis we modeled patient survival from the start of dialysis until
6 months post-Hurricane Katrina as a function of a time-varying
Katrina indicator with adjustment for well-established demographic
and clinical risk factors. Thus, the primary analysis investigated time
from start of dialysis to death from all causes among patients who
received dialysis treatment in the areas under study. The time-
varying Katrina indicator switched from 0 to 1 for patients receiving
dialysis during 22 August 2005 to 29 August 2005 at a clinic in the
geographic area under study; otherwise the indicator remained 0.
Patients were left truncated if they initiated treatment outside the
Hurricane Katrina area before enrolling in a defined Katrina-area
clinic and were right censored at date of transplantation, date of
return of renal function, or study end date (i.e., 28 February 2006).
In the Cox proportional hazards analysis, we adjusted for the
following risk factors: age, gender, race (white vs black/other), and
Medicaid coverage as a proxy for lower income status; clinical
characteristics including the number of cardiovascular conditions,
diabetic ESRD, chronic obstructive pulmonary disease, and non-
ambulatory status; and HD as initial treatment modality rather than
PD. After considering all patients at Katrina-area clinics, in a similar
Cox model we considered only patients treated at clinics located
in the New Orleans metropolitan area. Additional models were
run for the subset of patients for whom the Patient SAF included
information about hemoglobin and serum albumin lab values
recorded on CMS Form 2728 at the starting of the dialysis as well as
the other covariates named above.
The association of the Katrina indicator with mortality risk during
the initial 30 days, 31–60 days, and 61–183 days after the hurricane was
also investigated by incorporating multiple time-varying indicator
variables to represent these time periods. (Hurricane Katrina made
landfall on 29 August 2005; the total number of days from 30 August
2005 through 28 February 2006 was 183.)
Subgroup analyses were carried out to investigate potential
differences in post-Katrina mortality by patients’ race (black/other),
income status (Medicaid yes/no), and dialysis treatment modality
(HD/PD).
Several sensitivity analyses were also performed: (1) survival
analyses restricted to patients who were affiliated with clinics that
were reported closed for X10 days after Hurricane Katrina; (2)
analyses of survival restricted to patients’ first 90 days on dialysis;
and (3) analyses of survival in which we reset the time-varying
Katrina indicator back to 0 when a patient who received dialysis
from 22 August 2005 to 29 August 2005 in a Katrina-affected clinic
then transferred out of the study area (e.g., to a clinic in another
state, such as Texas), under the assumption that patients who
subsequently left the study area were no longer ‘affected’ by
Hurricane Katrina.
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Statistical analyses were carried out using SAS 9.0 (SAS Institute,
Cary, NC, USA).
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